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DESCRIPTION 

RADIO COMMUN I CAT ION A PPvARATILS AND TRANS MISSION 
POWER CONTROL METHOD 



5 Technical Field 

The present invention relates to a radio 
communication apparatus and a transmission power 
control method, which are used in a radio 
transmitting system such as a mobile phone, a 
10 cellular phone and the like. 



pJ Background Art 

52 In a radio transmitting system such as a mobile 

!„. phone, a cellular phone and the like, an SIR (Signal 

— 15 to Interference Ratio) is fixed and transmission 

III 

^ power control is carried out in accordance with the 

M= state of each transmission channel in order to 

maintain a BE R (Bit Error Rate) at a value below a 
predetermined value. 
20 The transmission power control method includes 

a closed loop transmission power control and an open 
loop transmission power control. 

The closed loop transmission power control is 
a method for controlling transmission power based 
25 on the contents of a TPC (Transmit Power Control) 
command where SIR corresponding to reception 
quality of a transmitting signal from one end is 
measured at the other end of communication and the 
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TPC command, which reduces transmission power when 
a measured SIR value is higher than a target SIR 
value and which increases transmission power when 
the measured SIR value is lower than the target SIR 
5 value, is transmitted through an inverse channel. 

On the other hand, the open loop transmission 
power control is a method for controlling a 
transmission power value in such a way that a 
reception level is subtracted from the known 

10 transmission level of the other end of communication 
to calculate a level lost in a radio section and a 
target reception level of the other end of 
communication is added to the lost level. 

Here, data communication in which the 

15 information amount of a forward link is greatly 
larger than that of a reverse link is expected to 
be mainstream in the future, and the development of 
a radio communication system of asymmetrical 
communication where the information amount of the 

20 reverse link is asymmetrical with respect to that 
of the forward link is proceeding. 

In the case of the radio communication system 
where the information amount of the reverse link is 
symmetrical with respect to that of the forward link, 

25 since a time difference between transmission timing 
and reception timing is small, transmission power 
can be controlled for each slot with high accuracy. 

However, in the radio communication system 
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that performs asymmetrical communication where a 
time difference between transmission timing and 
reception timing becomes large, a method for 
controlling transmission power for each slot with 
5 high accuracy has not been disclosed yet. 

Disclosure of Invention 

It is an object of the present invention to 

provide a radio communication apparatus and a 
10 transmission power control method capable of 

controlling transmission power for each slot with 

high accuracy in asymmetrical communication. 

The above object can be attained by averaging 

desired signal power over a plurality of slots to 
15 reduce a power error in desired signal power in the 

respective slots and to improve precision of 

mea sur ement . 

Brief Description of Drawings 
20 FIG. 1 is a block diagram illustrating the 

configuration of a radio communication apparatus 
according to a first embodiment of the present 
invention ; 

FIG. 2 is a block diagram illustrating the 
25 configuration of a radio communication apparatus as 
a communication partner with respect to the radio 
communication apparatus of the first embodiment of 
the present invention; 
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FIG. 3 is a block diagram illustrating the 
configuration of a radio communication apparatus 
according to a second embodiment of the present 
invention; and 
5 FIG. 4 is a block diagram illustrating the 

configuration of a radio communication apparatus as 
a communication partner with respect to the radio 
communication apparatus of the second embodiment of 
the present invention. 

Lff Best Mode for Carrying Out the Invention 

H Embodiments of the present invention will be 

p specifically explained with reference to the 

~ m drawings accompanying herewith. 

15 (First embodiment) 

jr The first embodiment explains the case of the 

closed loop transmission power control. FIG. 1 is 
a block diagram illustrating the configuration of 
a radio communication apparatus according to the 
20 first embodiment of the present invention. 

A duplexer 102 switches a channel through which 
a signal passes at a transmitting time and a 
receiving time and outputs a signal received from 
an antenna 101 to a reception RF circuit 103, and 
25 outputs a transmitting signal outputted from a 
transmission RF circuit 112 to the antenna 101. 

The reception RF circuit 103 amplifies the 
received signal, frequency-converts the amplified 
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signal to a baseband, and outputs the resultant to 
a demodulating circuit 104. The demodulating 
circuit 104 demodulates the baseband signal to 
extract received data of the radio communication 
5 apparatus . 

A desired signal power measuring circuit 105 
measures reception power (hereinafter referred to 
as "desired signal power") of a known signal 
included in the output signal of the demodulating 

10 circuit 104, and outputs a measuring result to an 
averaging circuit 106. The averaging circuit 106 
calculates an average value of desired signal power 
in a plurality of slots, and outputs the average 
value to an SIR measuring circuit 108. 

15 Here, in the case where a known signal sequence 

is long and an interference signal can be suppressed 
and the slots are close to each other and variations 
in reception power due to fading is small, desired 
signal power in the respective slots is 

20 substantially equal to each other. Accordingly, the 
calculation of the average value of desired signal 
power in the respective slots makes it possible to 
improve accuracy of measurement in desired signal 
power . 

25 An interference signal power measuring circuit 

107 measures power of an interference signal 
outputted from the demodulating circuit 104, and 
outputs a measuring result to the SIR measuring 
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circuit 108. 

The SIR measuring circuit 108 calculates 
SiR(n) (n indicates slot number) of each slot from 
the average value of desired signal power in the 
5 plurality of slots and the measured value of 
interference signal power of each slot, and outputs 
the resultant to a TPC generating circuit 109. 

The TPC generating circuit 109 makes a 
comparison between SIR(n) of each slot and a 

10 threshold value, and generates transmission power 
control information, which instructs the slot whose 
SIR(n) is lower than the threshold value to increase 
transmission power, and generates transmission 
power control information, which instructs the slot 

15 whose SIR(n) is higher than the threshold value to 
reduce transmission power. After that, the TPC 
generating circuit 109 outputs generated 
transmission power control information of each slot 
to a multiplexing circuit 110. 

20 The multiplexing circuit 110 multiplexes a 

plurality of pieces of transmission power control 
information into one slot transmitting data and 
outputs the resultant to a modulating circuit 111. 
The modulating circuit 111 modulates an output 

25 signal of the multiplexing circuit 110, and outputs 
the modulated signal to a transmission RF circuit 
112. The transmission RF circuit 112 converts the 
freguency of an output signal of the modulating 
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circuit 111, amplifies transmission power, and 
transmits the amplified transmission power as a 
radio signal from the antenna 102 through a duplexer 
102 . 

5 FIG. 2 is a block diagram illustrating the 

configuration of a radio communication apparatus as 
a communication partner with respect to the radio 
communication apparatus of FIG. 1. 

A duplexer 202 switches a channel through which 
iO 10 a signal passes at a transmitting time and a 
Iff receiving time and outputs a signal received from 

Q an antenna 201 to a reception RF circuit 203, and 

£~ outputs a transmitting signal outputted from a 

J*?, transmission RF circuit 208 to the antenna 201. 

*l 15 The reception RF circuit 203 amplifies the 

!U received signal, frequency-converts the amplified 

^ signal to a baseband, and outputs the resultant to 

a demodulating circuit 204. The demodulating 
circuit 204 demodulates the baseband signal and 
20 outputs the demodulated signal to an isolating 
circuit 205. The isolating circuit 205 isolates an 
output signal of the demodulating circuit 204 into 
received data and transmission power control 
information . 

25 A CL (Closed Loop) transmission power control 

circuit 206 controls an increase or decrease in 
transmission power at the transmitting FR circuit 
112 based on transmission power control information 



isolated at the isolating circuit 205. 

A modulating circuit 207 modulates 
transmitting data and outputs it to the transmitting 
RF circuit 208. The transmitting RF circuit 208 
5 converts the frequency of the output signal of the 
modulating circuit 207 and amplifies transmission 
power based on control of the CL transmission power 
control circuit 206, and transmits it as a radio 
signal from the antenna 201 through the duplexer 
10 202. 

Thus, desired signal power is averaged over the 
plurality of slots and the closed loop transmission 
power control is performed using the average value, 
making it possible to reduce a power error in desired 

15 signal power in the respective slots and to improve 
precision of measurement. This also makes it 
possible to control transmission power for each slot 
with high accuracy in the closed loop transmission 
power control of asymmetrical communication. 

20 (Second embodiment) 

The second embodiment will explain the case of 
the open loop transmission power control having an 
outer loop that controls reference power for 
transmission power control. FIG. 3 is a block 

25 diagram illustrating the configuration of a radio 
communication apparatus according to the second 
embodiment of the present invention. In the radio 
communication apparatus illustrated in FIG. 3, the 
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same reference numerals as those of FIG. 1 are added 
to the configuration portions having the same 
operations as those of the radio communication 
apparatus illustrated in FIG. 1, and the explanation 
5 is omitted. 

The radio transmission apparatus illustrated 
in FIG. 3 adopts the configuration in which an error 
correcting/decoding circuit 301, a CRC deciding 
circuit 302, and a transmission power deciding 

10 circuit 303 are added to the radio communication 
apparatus illustrated in FIG. 1. 

The error correcting/decoding circuit 301 
provides error correcting/decoding processing to an 
output signal of the demodulating circuit 104, and 

15 extracts received data. The CRC deciding circuit 302 
performs a CRC decision to the output signal of the 
demodulating circuit 104. The transmission power 
deciding circuit 303 calculates a transmission 
reference power value SIRt of a communication 

20 partner using a CRC decision value outputted from 
the transmission power deciding circuit 303 as a 
reference of reception guality. 

Here, generally, in the case of performing 
transmission using a plurality of transmission 

25 slots, in order to scatter the positions of the error 
bits to improve an error correction capability, 
interleave is performed in such a way that 
transmitting signals of all slots are arranged at 
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random. In this case, the radio communication 
apparatus transmits a signal indicative of 
transmission reference power value SIRt to the 
communication partner to make it possible to control 
5 transmission power of the communication partner 
such that the reception quality subjected to error 
correction processing in all slots satisfies a 
predetermined quality. 

The radio communication apparatus, however, 

10 cannot excise control to the communication partner 
in response to interference amount of each slot 
using only transmission reference power value SIRt. 
This cannot reduce transmission power with respect 
to the slot whose interference amount is small, with 

15 the result that interference with other cells cannot 
be reduced. 

In order to solve the above problem, the 
transmission power deciding circuit 3 03 of the radio 
communication apparatus adds SIR(n) of each slot to 
20 the calculated transmission reference power value 
SIRt to calculate a transmission reference power 
value SIRt(n) of each slot. 

The multiplexing circuit 110 multiplexes 
information indicative of transmission reference 
25 power value SIRt(n)to transmitting data, and 
outputs the resultant to the modulating circuit 111. 

FIG. 4 is a block diagram illustrating the 
configuration of a radio communication apparatus as 
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a communication partner with respect to the radio 
communication apparatus of FIG. 3. In the radio 
communication apparatus illustrated in FIG. 4, the 
same reference numerals as those of FIG. 2 are added 
5 to the configuration portions having the same 
operations as those of the radio communication 
apparatus illustrated in FIG. 2, and the explanation 
is omitted. 

The radio transmission apparatus illustrated 

10 in FIG. 4 adopts the configuration in which a desired 
signal power measuring circuit 401 for the CL 
transmission power control circuit 206 and an OL 
(Open Loop) transmission power control circuit 402 
are added as compared with the radio communication 

15 apparatus illustrated in FIG. 2. 

The isolating circuit 205 isolates the output 
signal of the demodulating circuit 204 into received 
data and a transmission reference power control 
value SIRt ( n ) . 

20 The desired signal power measuring circuit 401 

measures desired signal power S of the known signal 
included in the output signal of the demodulating 
circuit 204, and outputs the measuring result to the 
OL transmission power control circuit 402. The OL 

25 transmission power control circuit 402 calculates 
transmission power T(n) of each slot by equation (1) 
shown below and controls an increase or decrease in 
transmission power at the transmitting RF circuit 
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208 . It is noted that Const in equation (1) is a fixed 
value for gain control. 

T(n) = SIRt(n)-S + Const (1) 

Thus, the open loop transmission power control 
5 is performed with consideration given to SIR of each 
slot in addition to the transmission reference power 
value, making it possible to control transmission 
power for each slot with high accuracy in 
asymmetrical communication. 

10 As explained above, according to the radio 

communication apparatus and the transmission power 
control method of the present invention, since the 
power error in desired signal power of each slot is 
reduced to make it possible to improve accuracy in 

15 measurement, transmission power can be controlled 
for each slot with high accuracy in asymmetrical 
communication . 

This application is based on the Japanese 
Patent Application No.HEI 11-286317 filed on 

20 October 7, 1999, entire content of which is 
expressly incorporated by reference herein. 

Industrial Applicability 

The present invention is suitable for use in 
25 a base station apparatus of a radio transmission 
system or a communication terminal apparatus. 
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CLAIMS 

1. A radio communication apparatus that 
performs asymmetrical communication, said radio 
communication apparatus comprising: 

5 desired signal power measuring means for 

measuring desired signal reception power of a 
plurality of slots for each slot; 

interference signal power measuring means for 
measuring interference signal reception power; 
10 power control information generating means for 

generating transmission power control information 
of each slot from said desired signal reception 
power and said interference signal reception power; 
and 

15 transmitting means for transmitting said 

transmission power control information of each slot 
through one slot. 

2. The radio communication apparatus according 
to claim 1, further comprising averaging means for 

20 calculating an average value of desired signal 
reception power over the plurality of slots, wherein 
said power control information generating means 
generates transmission power control information of 
each slot from the average value of said desired 

25 signal reception power and said interference signal 
reception power. 

3. A radio communication apparatus that 
performs asymmetrical communication with the radio 
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communication apparatus described in claim 1, said 
radio communication apparatus comprising: 

isolating means for isolating transmission 
power control information of each slot from a 
received signal; 

transmission power controlling means for 
controlling transmission power of each transmission 
slot based on said transmission power control 
information of each slot; and 

amplifying means for amplifying transmitting 
data based on control of said transmission power 
controlling means. 

4 . A radio communication apparatus that 
performs asymmetrical communication, said radio 
communication apparatus comprising: 

first reception quality measuring means for 
measuring reception quality of the entirety of a 
plurality of slots; 

second reception quality measuring means for 
measuring reception quality of each slot; 

reference power calculating means for 
calculating transmission reference power of each 
slot based on said reception quality of the entirety 
of the plurality of slots and said reception quality 
of each slot; and 

transmitting means for transmitting 

information of said transmission reference power of 
each slot through one slot. 
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5. The radio communication apparatus according 
to claim 4 wherein said reference power calculating 
means adds said reception quality of the entirety 
of the plurality of slots and said reception quality 

5 of each slot to calculate transmission reference 
power of each slot. 

6. The radio communication apparatus according 
to claim 4, wherein said first reception quality 
measuring means measures said reception quality of 

10 the entirety of the plurality of slots based on a 
CRC checking result. 

7. The radio communication apparatus according 
to claim 4, further comprising desired signal power 
measuring means for measuring desired signal 

15 reception power of the plurality of slots for each 
slot; and interference signal power measuring means 
for measuring interference signal reception power, 
wherein said second reception quality measuring 
means measures reception quality of each slot based 

20 on desired signal reception power to interference 
signal reception power. 

8. The radio communication apparatus according 
to claim 7, further comprising averaging means for 
calculating an average value of desired signal 

25 reception power over the plurality of slots, wherein 
said second reception quality measuring means 
measures reception quality of each slot based on the 
average value of said desired signal reception power 
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and reception power of said interference signal. 

9. A radio communication apparatus that 
performs asymmetrical communication with the radio 
communication apparatus described in claim 4, said 

5 radio communication apparatus comprising: 

isolating means for isolating information of 
transmission reference power of each slot from a 
received signal; 

transmission power controlling means for 
10 controlling transmission power of each transmission 
slot based on said information of transmission 
reference power of each slot; and 

amplifying means for amplifying transmitting 
data based on control of said transmission power 
15 controlling means. 

10. A base station apparatus mounting a radio 
communication apparatus thereon, said radio 
communication apparatus that performs asymmetrical 
communication comprising: 

20 desired signal power measuring means for 

measuring desired signal reception power of a 
plurality of slots for each slot; 

interference signal power measuring means for 
measuring interference signal reception power; 

25 power control information generating means for 

generating transmission power control information 
of each slot from said desired signal reception 
power and said interference signal reception power; 
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and 

transmitting means for transmitting 

transmission power control information of each slot 
through one slot. 

11. A communication terminal apparatus 
mounting a radio communication apparatus thereon, 
said radio communication apparatus that performs 
asymmetrical communication comprising: 

desired signal power measuring means for 
measuring desired signal reception power of a 
plurality of slots for each slot; 

interference signal power measuring means for 
measuring interference signal reception power; 

power control information generating means for 
generating transmission power control information 
of each slot from said desired signal reception 
power and said interference signal reception power; 
and 

transmitting means for transmitting 

transmission power control information of each slot 
through one slot. 

12. A transmission power controlling method, 
at one radio communication apparatus that performs 
asymmetrical communication, said method comprising 
the steps of : 

measuring desired signal reception power of a 
plurality of slots for each slot; 

measuring interference signal reception 
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power ; 

generating transmission power control 
information of each slot from said desired signal 
reception power and said interference signal 
5 reception power; and 

transmitting transmission power control 
information of each slot through one slot, 

at other radio communication apparatus, said 
method comprising the steps of: 
10 isolating transmission power control 

information of each slot from a received signal; and 

amplifying transmission power of each 
transmission slot based on said transmission power 
control information of each slot data. 
15 13. The transmission power controlling method 

according to claim 12, wherein an average value of 
desired signal reception power is calculated over 
the plurality of slots, and transmission power 
control information of each slot is generated from 
20 the average value of said desired signal reception 
power and said interference signal reception power. 

14. A transmission power controlling method, 
at one radio communication apparatus that performs 
asymmetrical communication, said method 

25 comprising: 

measuring reception quality of the entirety of 
a plurality of slots; 

measuring reception quality of each slot; 
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calculating transmission reference power of 
each slot based on said reception quality of the 
entirety of the plurality of slots and said 
reception quality of each slot; and 

transmitting information of said transmission 
reference power of each slot through one slot, 

at other radio communication apparatus , said method 
comprising the steps of: 

isolating information of transmission reference power 
of each slot from a received signal; and 

amplifying transmission power of each transmission 
slot based on said information of transmission reference 
power of each slot. 
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ABSTRACT 

Desired signal power measured at a desired 
signal power measuring circuit 105 is averaged over 
a plurality of slots by an averaging circuit 106 to 
reduce a power error in desired signal power of each 
slot. An SIR measuring circuit 108 calculates 
SIR(n)of each slot from the average value of desired 
signal power in the plurality of slots and the 
measured value of interference signal power of each 
slot, and a TPC generating circuit 109 makes a 
comparison between SIR(n) of each slot and a 
threshold value, and generates transmission power 
control information. This makes it possible to 
control transmission power for each slot with high 
accuracy in asymmetrical communication. 
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United States provisional application(s) listed below: 



Day/Month/Y ear Filed 



Application No. 



Day/Month/Year Filed 




I hereby claim the benefit under Title 35, United States Code, 120 of any United States application(s) or 
PCT international application^) designating the United States of America that is/are listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose 
to the United States Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior 
application and the national or PCT international filing date of this application. 



13 



(U.S. Application Number) 



(U.S. Filing Date) 



Status (patented, pending, abandoned) 



I hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full 
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office: 

James E. Ledbetter, Reg. No. 28732^Thomas P. Pavelko, Reg. No. 31689; a nd Anthony P. Venturino, Reg. No. 31674, 

ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO 
^TE3^ENS, DAVIS jyiJJUEB^SLMO&HER^ L.L.P., 1615 L Street, N.W., Suite 850, Was hington. D.C. 20036. 
TELEPHONE(202) 408-5100, FACSIMILE (202) 408-5200. 

See page 2 for signature lines 

e l 998 Stevens, Davis, Miller & Mosher, L.L.P. other side tor instructions for completing this form 



STEVENS, HAVIS, FILLER & MOSHER, L.L.P. 

' i hereby declare that all statements made herein of my own kno wM?e are true and that all statements made on information and belief are believed to be true; and furthe r 
that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon. 



14a 


Typewritten Full Name / ^ 
of Sole or First Inventor 


PAGE 2 OF U.S.A. DECLARATION FORM 

-cX) 


HIRAM A I SI 






Given Name Middle Name 


Family Name 




15a 


Inventor's Signature 








16a 


Date of Signature 




2.00 S 




17a 


Residence 


Monti/ Day 
Yokosuka^L- Kanagawa 


Year 

JAPAN 




City State or Province 


Country 




18a 


Citizenship 

Post Office Address 


JAPAN 




— 




2-56-14-1212, Kinugasasakae-cho, 








(Insert complete mailing 
address, including country) 

Typewritten Full Name 
of Sole or First Inventor 
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Given Name Middle Name 


Family Name 






Inventor's Signature 
















Date of Signature 










Month Day 


Year 






Residence 








City State or Province 


Country 




n 


Citizenship 

Post Office Address 
















(Insert complete mailing 
address, including country) 








i? 


Typewritten Full Name 
of Sole or First Inventor 










Given Name Middle Name 


Family Name 




is 

16c 


Inventor's Signature 
Date of Signature 














Month Day 


Year 




17c 


Residence 








City State or Province 


Country 




18c 


Citizenship 








19c 


Post Office Address 
(Insert complete mailing 









address, including a 



Typewritten Full Name 
of Sole or First Inventor 



Inventor's Signature 
Date of Signature 

Residence 

Citizenship 

Post Office Address 
(Insert complete mailing 
address, including country) 





Given Name 


Middle Name 


Family Name 












Month 


Day 


Year 


City 




State or Province 


Country 



14 and insert the actual date of signing on line 16. If there ar 



